The auditory modality is fundamentally a temporal sense that requires analysis of changes in sound signals on timescales ranging from microseconds to minutes. To generate a faithful representation of changes in sound intensity and frequency over time, sound offsets (disappearances) as well as sound onsets (appearances) must be encoded by the auditory system. We review here the computational significance, perceptual roles, anatomical locations, and cellular and network origins of sound-offset responses in the mammalian auditory brain. We show that sound-offset responses arise from mechanisms and pathways distinct from those producing sound-onset responses, and are likely to be essential for auditory processing of temporally discontinuous sounds such as speech.
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Sound-Offset Responses in the Auditory System
Mechanoelectrical transduction mechanisms in the ear encode transient changes in sound pressure with sub-millisecond precision. The auditory nerve then provides to the brain a highfidelity representation of sound frequency, intensity, and timing, usually including sharp increases in nerve activity following sound onsets and decreases following sound offsets (see Glossary) [1] . Many neurons in the auditory brain also represent sound onsets and offsets in this way; however, others produce bursts of activity following sound offsets (e.g., [2]), or following both onsets and offsets (e.g., [3]).
Historically, most studies of the central auditory system have ignored sound-offset responses, or have dismissed them on neurobiological, acoustical, or perceptual grounds. Neurobiologically, sound-onset responses are much more prevalent in the auditory system than sound-offset responses [4] , especially in anaesthetized animals [5] , in which the majority of in vivo studies have been performed. Acoustically, offsets of natural sounds tend to be less abrupt than onsets [6] , and sound offsets are often obscured by reverberation, especially in enclosed environments. Lastly, perceptually, sound offsets are less salient than are sound onsets [4, 7, 8] .
Nevertheless, neurons with sound-offset responses are found throughout the auditory system. These neurons appear to be especially concentrated in particular nuclei of the auditory brainstem [9] and specific subregions of the thalamus [10] , suggesting the existence of a dedicated 'offset pathway' in the auditory brain. Moreover, recent studies indicate that neural representation of sound transients, including offsets, may be key to the perception of communication sounds such as speech [1, 11] . It is time to reassess the importance of sound-offset responses in the auditory system. We define here a 'sound offset' as a rapid decline in sound intensity over no more than a few milliseconds, following a sustained sound of at least a few tens of milliseconds in duration. For the purposes of this Review, we also define a 'sound-offset response' as an increase in neural Sound offsets are important cues for perceptual grouping, duration discrimination, gap detection, and consonant identification.
Sound-offset responses are found throughout the auditory brain and are also concentrated in particular subregions, suggesting the existence of an 'offset pathway' in the central auditory system.
In the auditory brainstem, sound-offset responses are generated de novo and independently in both the dorsal cochlear nucleus and the superior paraolivary nucleus.
In the auditory midbrain and thalamus, sound-offset responses might be inherited from the brainstem, generated de novo, or both. In the cortex, sound-offset responses appear to be inherited from ascending pathways.
Specific deficits in sound-offset responses have been reported in animal models, and might contribute to auditory temporal processing deficits in aging and disease.
